Daikon radish (Raphanus sativus) roots vary in size and shape between cultivars. This study reports 1 2
according to the methods of Shirasawa and Kitashiba. 6 In brief, DNA was extracted from leaves of 7 0 each line and used for ddRAD-Seq library construction. The library was sequenced on a HiSeq4000 7 1 sequencer (Illumina, San Diego, CA, USA). Data analysis was also performed as described by 7 2 Shirasawa and Kitashiba. 6 After trimming low-quality sequences and adapter sequences using 7 3 `FASTX-Toolkit` and `PRINSEQ`, the remaining high-quality reads were mapped onto the 7 4
RSAskr_r1.0 assembly, using `Bowtie2` to call SNPs using the mpileup command in `SAMtools` 7 5 followed by filtering out the low-quality data with `VCFtools`. In parallel, ddRAD-Seq data (DRA 7 6 accession number: DRA005069) from another F2 population (n=95), namely ASF2, 2 derived from a 7 7 cross between 'Aokubi S-h' and 'Sayatori 26704', was also analyzed as above. SNP data were used 7 8
for genetic map construction with `Lep-Map3`. On the basis of genetic maps constructed with 7 9 `ALLMAPS`, the RSAskr_r1.0 sequence assembly was assigned to radish chromosomes to produce 8 0 pseudomolecule sequences, termed RSAskr_r1.0.pmol. The genome structure of the 8 1 'Okute-Sakurajima' genome was compared with those of R. sativus, 4 Brassica rapa, 10 and 8 2 Arabidopsis thaliana 11 using `D-Genies`. 8 3
Gene identification in the genome sequences 8 4
The gene models predicted in the RSA_r1.0 assembly 2 were mapped onto the RSAskr_r1.0.pmol 8 5 pseudomolecule sequences using `Minimap2`. In addition, ab initio gene prediction was performed 8 6 on the RSAskr_r1.0.pmol sequences using `Augustus` as described in Kitashiba et al. 3.1. De novo assembly of the 'Okute-Sakurajima' radish genome 9 0 K-mer distribution analysis of the 147.3 Gb short-read data indicated that the 'Okute-Sakurajima' 9 1 radish genome was highly heterozygous, and that the estimated haploid genome size was 592.4 Mb 9 2 (Supplementary Figure S1 ). Subsequent long-read sequencing produced 36.0 Gb data (60.7× 9 3 coverage of the estimated genome size) with 2.3 million reads with N50 length of 29.1 kb. After two 9 4 rounds of polishing, the long-read assembly consisted of 504.5 Mb primary contigs (including 1,437 9 5 sequences with N50 length of 1.2 Mb) and 263.5 Mb haplotig sequences (including 2,373 sequences 9 6 with N50 length of 154.6 kb) (Table 1) . A BUSCO analysis of the primary contigs indicated that 9 7 71.0% and 23.1% of sequences were single-copy complete BUSCOs and duplicated complete 9 8
BUSCOs, respectively (Table 1 ), suggesting that most of the gene regions were represented in the 9 9 primary contigs. 1 0 0
Construction of pseudomolecule sequences based on genetic maps 1 0 1
In total, 5,872 and 2,830 high-quality SNPs were obtained from the SNF2 and ASF2 mapping 1 0 2 populations, respectively, and employed for linkage analysis. The resultant genetic map for SNF2 1 0 3 consisted of nine linkage groups with 5,570 SNPs covering 867.2 cM, and the map for ASF2 1 0 4 comprised nine linkage groups with 2,680 SNPs covering 895.3 cM (Supplementary Tables S2). 1 0 5
Contig sequences of RSAskr_r1.0 were assigned to the radish chromosomes in accordance with the 1 0 6 two genetic maps. Nine pseudomolecule sequences, termed RSAskr_r1.0.pmol, spanning 349.8 Mb 1 0 7 (69.3%) were established with 293 contigs (Table 2) , of which 95 sequences (218.5 Mb, 43.3%) 1 0 8 were oriented. The nine resulting sequences were named using the nomenclature (R1-R9) proposed 1 0 9
by Shirasawa and Kitashiba 6 . The remaining unassigned sequences (n=1,144, 154.7 Mb, 30.7%) 1 1 0
were designated as R0. The structure of the 'Okute-Sakurajima' genome was conserved in R. sativus 1 1 1 but partially disrupted in B. rapa and A. thaliana, as indicated previously 2 . 1 1 2
Genes on the 'Okute-Sakurajima' genome sequence 1 1 3
In total, 89,915 gene models were predicted in the RSAskr_r1.0 assembly using an ab initio gene 1 1 4 prediction method (Table 2) . To assess the availability of gene spaces in RSAskr_r1.0, 2 the 80,521 1 1 5 predicted gene models were aligned to the RSAskr_r1.0.pmol pseudomolecules. Of the predicted 1 1 6 gene models, 78,645 (97.6%) were aligned, suggesting that most of the genes were represented in 1 1 7 the RSAskr_r1.0.pmol assembly. The genome positions of 59,882 predicted genes of RSAskr_r1.0 1 1 8 and 77,496 mapped genes of RSA_r1.0 overlapped. The remaining 30,033 genes (=89,915-59,882) 1 1 9
were unique to the assembled sequences of 'Okute-Sakurajima'. In this study, we report the genome sequence assembly of 'Okute-Sakurajima' radish, a variety of 1 2 3 'Sakurajima-diakon', based on long-read sequence technology. The total assembly size of 504.5 Mb 1 2 4 is the longest reported for any radish genome to date, 2-5 suggesting that the long reads might span the 1 2 5 repetitive sequences found throughout the radish genome. However, since the assembly size was 1 2 6 approximately 90 Mb shorter than the estimated genome size, the long sequencing technology was 1 2 7 not sufficient to fully resolve the difficulties in assembling the complex genome of this 1 2 8 mesopolyploid species. 7 1 2 9
Map-based pseudomolecule sequences comprising 69.3% of assembled sequences were 1 3 0 produced. Unexpectedly, 30.7% of assembled sequence remained unassigned to radish chromosomes. 1 3 1
As genetic mapping is reliant upon SNP availability in the genome, sequences cannot be assigned 1 3 2
where SNPs are not present. To overcome this genetic limitation, optical mapping and Hi-C 1 3 3 technologies, both of which are based on physical mapping strategies, have been developed. 9 These 1 3 4 technologies, alongside traditional genetic mapping, would allow the genome coverage of the 1 3 5
assembly and the completeness of pseudomolecules to be further improved. 1 3 6
In this study, 30,033 genes were discovered that were unique to the current assembly, 1 3 7
suggesting that these genes may not have been identified in previous studies. 2 The expanded 1 3 8 genomic information obtained in this study is expected to provide new insights into radish growth 1 3 9 and development. For example, this study is the first genome report for a giant radish cultivar, and 1 4 0 some of the genes unique to the 'Okute-Sakurajima' genome may be involved in giant root 1 4 1 formation. Further comparative analysis with radish cultivars with divergent root shapes and sizes 1 4 2 would provide insights into the genetic mechanisms contributing to giant root formation. 
